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(57) ABSTRACT 

An electroSurgical device comprises an end effector, a cutting 
member, and en electromechanical driver. The end effector 
comprises a pair of jaws that clamp tissue. The jaws include 
electrodes that deliver RF energy to clamped tissue. The 
cutting member cuts tissue clamped between the jaws. The 
electromechanical driver drives the cutting member. A con 
trol module commands the electromechanical driver, and 
regulates the delivery of RF energy to the electrodes, based on 
a combination of user input and feedback signals from the 
electrodes and from the electromechanical driver. The device 
may provide tactile feedback to the user through the user 
input feature, based on a load encountered by the cutting 
member. The device may alert the user when the exterior of 
end effector makes incidental contact with tissue, to avoid 
inadvertently burning the tissue. The device may include a 
removable battery pack to power the electromechanical driver 
and the electrodes. 
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MOTOR DRIVEN ELECTROSURGICAL 
DEVICE WITH MECHANICAL AND 

ELECTRICAL FEEDBACK 

PRIORITY 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 61/410,603, filed Nov. 5, 2010, entitled 
“Energy-Based Surgical Instruments, the disclosure of 
which is incorporated by reference herein. 
0002 This application also claims priority to U.S. Provi 
sional Application Ser. No. 61/487,846, filed May 19, 2011, 
entitled “Energy-Based Surgical Instruments, the disclosure 
of which is incorporated by reference herein. 

BACKGROUND 

0003) A variety of medical instruments have both moving 
components and electrical components. In some instances, 
the moving components are moved manually, such that elec 
trical power that is provided to electrical components of the 
instrument is not also used to drive such manually moved 
components. Examples of Such devices are disclosed in U.S. 
Pat. No. 6,500,176 entitled “Electrosurgical Systems and 
Techniques for Sealing Tissue issued Dec. 31, 2002, the 
disclosure of which is incorporated by reference herein; U.S. 
Pat. No. 7,416,101 entitled “Motor-Driven Surgical Cutting 
and Fastening Instrument with Loading Force Feedback.” 
issued Aug. 26, 2008, the disclosure of which is incorporated 
by reference herein; U.S. Pat. No. 7,738,971 entitled “Post 
Sterilization Programming of Surgical Instruments.’’ issued 
Jun. 15, 2010, the disclosure of which is incorporated by 
reference herein; U.S. Pub. No. 2006/0079874 entitled “Tis 
Sue Pad for Use with an Ultrasonic Surgical Instrument.” 
published Apr. 13, 2006, the disclosure of which is incorpo 
rated by reference herein; U.S. Pub. No. 2007/0191713 
entitled “Ultrasonic Device for Cutting and Coagulating.” 
published Aug. 16, 2007, the disclosure of which is incorpo 
rated by reference herein; U.S. Pub. No. 2007/0282333 
entitled “Ultrasonic Waveguide and Blade.” published Dec. 6, 
2007, the disclosure of which is incorporated by reference 
herein; U.S. Pub. No. 2008/0200940 entitled “Ultrasonic 
Device for Cutting and Coagulating.” published Aug. 21. 
2008, the disclosure of which is incorporated by reference 
herein; U.S. Pub. No. 2009/0209990 entitled “Motorized Sur 
gical Cutting and Fastening Instrument Having Handle Based 
Power Source.” published Aug. 20, 2009, the disclosure of 
which is incorporated by reference herein; and U.S. Pub. No. 
2010/0069940 entitled “Ultrasonic Device for Fingertip Con 
trol.” published Mar. 18, 2010, the disclosure of which is 
incorporated by reference herein. As described in greater 
detail below, any such devices may be modified to include a 
motor or other electrically powered device to drive an other 
wise manually moved component. 
0004. In addition, many medical devices that rely on some 
form of electric power may be adapted to contain most, if not 
all, of the required components within the medical device. 
More specifically, some medical devices may be adapted to 
use an internal or attachable power source instead of requiring 
the device to be plugged into an external power source by a 
cable. Merely exemplary devices that may be adapted to 
include a portable power source include any of the devices 
described in the references cited above, among others. Simi 
larly, various ways in which medical devices may be adapted 
to include a portable power source are disclosed in U.S. 
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Provisional Application Ser. No. 61/410,603, filed Nov. 5, 
2010, entitled “Energy-Based Surgical Instruments, the dis 
closure of which is incorporated by reference herein. 
0005 While several medical devices have been made and 
used, it is believed that no one prior to the inventors has made 
or used the invention described in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 While the specification concludes with claims 
which particularly point out and distinctly claim this technol 
ogy, it is believed this technology will be better understood 
from the following description of certain examples taken in 
conjunction with the accompanying drawings, in which like 
reference numerals identify the same elements and in which: 
0007 FIG. 1 depicts a side elevational view of an exem 
plary electroSurgical medical device; 
0008 FIG. 2 depicts a perspective view of the end effector 
of the device of FIG. 1, in an open configuration; 
0009 FIG.3 depicts a perspective view of the end effector 
of FIG. 2, in a closed configuration; 
0010 FIG. 4 depicts a cross-sectional end view of the end 
effector of FIG. 2, with the blade of the end effector severing 
tissue captured between the jaws of the end effector; 
0011 FIG. 5 depicts a cross-sectional end view of the end 
effector of FIG. 2, with the central electrode of the end effec 
tor contacting the severed tissue captured between the jaws of 
the end effector; 
0012 FIG. 6 depicts a side elevational view of the handle 
portion of the medical device of FIG.1, with part of the handle 
housing removed; 
0013 FIG. 7 depicts a schematic diagram of an exemplary 
electroSurgical device including a motor and feedback based 
control; 
0014 FIG. 8 depicts a graph showing exemplary relation 
ships between various feedback and control signals during 
operation of the electrosurgical device of FIG. 7: 
0015 FIG.9 depicts a partial view of an exemplary elec 
troSurgical device including a motor driven blade; 
0016 FIG. 10 depicts a partial view of the rack and pinion 
drive of the electrosurgical device of FIG. 9; 
0017 FIG. 11 depicts a partial view of an exemplary sole 
noid driven blade that may be used in the electrosurgical 
device of FIG.9; 
0018 FIG. 12 depicts a partial view of an exemplary elec 
troSurgical device including a motor driven blade and a force 
transducer, 
0019 FIG. 13 depicts a partial view of an exemplary elec 
troSurgical device including a motor driven blade and a tactile 
feedback feature; 
0020 FIG. 14 depicts a partial view of another exemplary 
electroSurgical device including a motor driven blade and a 
tactile feedback feature; 
0021 FIG. 15 depicts a partial view of yet another exem 
plary electroSurgical device including a motor driven blade 
and a tactile feedback feature; 
0022 FIG. 16 depicts an en end effector of an exemplary 
electroSurgical device including a photosensitive material; 
0023 FIG. 17 depicts a handle portion of the electrosur 
gical device having the end effector of FIG. 16, with a visual 
feedback feature; 
0024 FIG. 18A depicts a handle portion of an electrosur 
gical device separated from an exemplary battery pack; and 
(0025 FIG. 18B depicts the handle portion and battery 
pack of FIG. 18A coupled together. 
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0026. The drawings are not intended to be limiting in any 
way, and it is contemplated that various embodiments of the 
technology may be carried out in a variety of other ways, 
including those not necessarily depicted in the drawings. The 
accompanying drawings incorporated in and forming a part of 
the specification illustrate several aspects of the present tech 
nology, and together with the description serve to explain the 
principles of the technology; it being understood, however, 
that this technology is not limited to the precise arrangements 
shown. 

DETAILED DESCRIPTION 

0027. The following description ofcertain examples of the 
technology should not be used to limit its scope. Other 
examples, features, aspects, embodiments, and advantages of 
the technology will become apparent to those skilled in the art 
from the following description, which is by way of illustra 
tion, one of the best modes contemplated for carrying out the 
technology. As will be realized, the technology described 
herein is capable of other different and obvious aspects, all 
without departing from the technology. Accordingly, the 
drawings and descriptions should be regarded as illustrative 
in nature and not restrictive. 

0028. It is further understood that any one or more of the 
teachings, expressions, embodiments, examples, etc. 
described herein may be combined with any one or more of 
the other teachings, expressions, embodiments, examples, 
etc. that are described herein. The following-described teach 
ings, expressions, embodiments, examples, etc. should there 
fore not be viewed in isolation relative to each other. Various 
suitable ways in which the teachings herein may be combined 
will be readily apparent to those of ordinary skill in the art in 
View of the teachings herein. Such modifications and varia 
tions are intended to be included within the scope of the 
claims. 

0029. It should also be understood that various teachings 
herein may be readily combined with various teachings in any 
of the following patent applications, all of which are filed on 
even date herewith and the disclosures of all of which are 
incorporated by reference herein: U.S. patent application Ser. 
No. Attorney Docket No. END6895USNP. 
0581496), entitled "Medical Device Packaging with Charg 
ing Interface”; U.S. patent application Ser. No. At 
torney Docket No. END6895USNP2.0581505), entitled 
“Packaging for Reclaimable Component of a Medical 
Device'; U.S. patent application Ser. No. Attorney 
Docket No. END6895 USNP3.0581538), entitled “Sterile 
Housing for Non-Sterile Medical Device Component”; U.S. 
patent application Ser. No. Attorney Docket No. 
END6895 USNP4.058.1540, entitled “Sterile Medical 
Instrument Charging Device”; U.S. patent application Ser. 
No. Attorney Docket No. END6895USNP5. 
058.1543), entitled “Medical Device Packaging with Window 
for Insertion of Reusable Component”; U.S. patent applica 
tion Ser. No. Attorney Docket No. 
END6895USNP6.058.1545, entitled “Medical Device with 
Feature for Sterile Acceptance of Non-Sterile Reusable Com 
ponent'; and U.S. patent application Ser. No. Attor 
ney Docket No. END6902USNP,0581498, entitled “Sterile 
Package System for Medical Device.” Various suitable ways 
in which teachings herein may be combined with teachings of 
the above-referenced patent applications, as well as various 
ways in which teachings of the above-referenced patent appli 
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cations may be combined together with or without teachings 
herein, will be apparent to those of ordinary skill in the art. 

I. EXEMPLARY ELECTROSURGICAL DEVICE 
WITH MOVABLE COMPONENT 

0030 FIGS. 1-6 show an exemplary electrosurgical device 
(10) that is constructed and operable in accordance with at 
least some of the teachings of U.S. Pat. No. 6,500,176 entitled 
"Electrosurgical Systems and Techniques for Sealing Tis 
Sue issued Dec. 31, 2002, the disclosure of which is incor 
porated by reference herein. As described therein and as will 
be described in greater detail below, electrosurgical device 
(10) is operable to cut tissue and seal or weld tissue (e.g., a 
blood vessel, etc.) substantially simultaneously. In other 
words, electrosurgical device operates similar to an endocut 
ter type of stapler, except that electrosurgical device provides 
tissue welding through application of bipolar RF energy 
instead of providing lines of staples to join tissue. It should 
also be understood that electrosurgical device (10) may have 
various structural and functional similarities with the 
ENSEALR Tissue Sealing Device by Ethicon Endo-Surgery, 
Inc., of Cincinnati, Ohio. Furthermore, electrosurgical device 
(10) may have various structural and functional similarities 
with the devices taught in U.S. patent application Ser. No. 
12/576,776, entitled "Surgical Instrument Comprising First 
and Second Drive Systems Actuatable by a Common Trigger 
Mechanism,” filed Oct. 9, 2009, the disclosure of which is 
incorporated by reference herein. To the extent that there is 
Some degree of overlap between the teachings of U.S. Pat. No. 
6.500,176, the ENSEAL(R) Tissue Sealing Device by Ethicon 
Endo-Surgery, Inc., of Cincinnati, Ohio, and/or U.S. patent 
application Ser. No. 12/576,776 and the following teachings 
relating to electrosurgical device (10), there is no intent for 
any of the following description to be presumed as admitted 
prior art. Several teachings below will in fact go beyond the 
scope of the teachings of U.S. Pat. No. 6,500,176, the 
ENSEALR. Tissue Sealing Device by Ethicon Endo-Surgery, 
Inc., of Cincinnati, Ohio, and U.S. patent application Ser. No. 
12/576,776. 
0031 Electrosurgical device (10) of the present example 
includes a handpiece (20), a shaft (40) extending distally from 
handpiece (20), and an end effector (50) disposed at a distal 
end of shaft (40). In some versions, shaft (40) is rotatable 
relative to handpiece (20) via a knob (46). In addition or in the 
alternative, shaft (40) may include an articulating section in 
some versions. End effector (50) comprises a first jaw (52) 
and a second jaw (54). In the present example, second jaw 
(54) is substantially fixed relative to shaft (40); while first jaw 
(52) pivots relative to shaft (40), toward and away from sec 
ond jaw (52). In particular, as shown in FIG. 2, a pair of 
actuator rods (42) extend through shaft (40) and are joined 
with first jaw (52) at pivotal coupling (44), such that longitu 
dinal movement of actuator rods (42) through shaft (40) pro 
vides pivoting of first jaw (52) relative to shaft (40) and 
relative to second jaw (54). Of course, jaws (52, 54) may 
instead have any other suitable kind of movement and may be 
actuated in any other suitable fashion. By way of example 
only, and as will be described in greater detail below.jaws (52. 
54) may be actuated and thus closed by longitudinal transla 
tion of an elongate member (70), such that actuator rods (42) 
may simply be eliminated in some versions. 
0032. As best seen in FIGS. 2-5, first jaw (52) defines a 
longitudinally extending elongate slot (56); while second jaw 
(54) also defines a longitudinally extending elongate slot 
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(58). In addition, the underside of first jaw (52) presents a first 
electrode surface (62); while the top side of second jaw (54) 
presents a second electrode Surface (64). A partially cylindra 
ceous recess (66) provides a transition from first electrode 
surface (62) to elongate slot (58) of first jaw (52). Similarly, a 
partially cylindraceous recess (68) provides a transition from 
second electrode surface (64) to elongate slot (58) of second 
jaw (54). As with other components and features referred to 
herein, cylindraceous recesses (66, 68) are merely optional. 
Electrode surfaces (64) are in communication with an elec 
trical source (96) via one or more conductors (not shown) that 
extend along the length of shaft (40). Electrical source (96) 
may be external to electrosurgical device (10) or may be 
integral with electroSurgical device (10) (e.g., in handpiece 
(20), etc.) as will be described in greater detail below. 
0033. With jaws (52, 54) in a closed position, shaft (40) 
and end effector (50) are sized and configured to fit through 
trocars having various inner diameters, such that electroSur 
gical device (10) is usable in minimally invasive Surgery, 
though of course electrosurgical device (10) could also be 
used in open procedures if desired. By way of example only, 
with jaws (52, 54) in a closed position, shaft (40) and end 
effector (50) may present an outer diameter of approximately 
5 mm. Alternatively, shaft (40) and end effector (50) may 
present any other Suitable outer diameter. 
0034. As also seen in FIGS. 2-5, electrosurgical device 
(10) of the present example includes an elongate member (70) 
that is longitudinally movable along part of the length of end 
effector (50). Elongate member (70) is coaxially aligned with 
shaft (40), extends along the length of shaft (40), and trans 
lates longitudinally within shaft (40) in the present example, 
though it should be understood that elongate member (70) 
and shaft (40) may have any other suitable relationship. Elon 
gate member (70) includes an elongate core electrode section 
(72), a sharp distal blade (74), an upper flange (76), and a 
lower flange (78). As best seen in FIG. 4, distal blade (74) 
extends through slots (56, 58) of jaws (52, 54), with upper 
flange (76) being located above first jaw (52) and lower flange 
(78) being located below second jaw (54). The configuration 
of distal blade (74) and flanges (76.78) provides an “I-beam” 
type of cross section at the distal end of elongate member 
(70). While flanges (76.78) extend longitudinally only along 
a small portion of the length of elongate member (70) in the 
present example, it should be understood that flanges (76.78) 
may extend longitudinally along any suitable length of elon 
gate member (70). In addition, while flanges (76, 78) are 
positioned along the exterior of jaws (52.54), flanges (76.78) 
may alternatively be disposed in corresponding slots formed 
in jaws (52.54). For instance, each jaw (52.54) may define a 
“T”-shaped slot, with parts of distal blade (74) being disposed 
in one portion of each “T”-shaped slot and with flanges (76. 
78) being disposed in the other portions of the “T-shaped 
slots. Various other suitable configurations and relationships 
will be apparent to those of ordinary skill in the art in view of 
the teachings herein. 
0035. In the present example, distal blade (74) is sharp and 
passive (e.g., non-energized), though it should be understood 
that distal blade (74) may be energized (e.g., using RF energy, 
ultrasonic energy, etc.), if desired. It should also be under 
stood that distal blade (74) may be electrically insulated from 
core electrode section (72). Core electrode section (72) is in 
communication with electrical source (96) via a conductor 
(not shown). As described in greater detail below, activation 
button (26) and controller (98) regulate the communication of 
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power to core electrode section (72). As best seen in FIG.3, a 
tapered member (80) provides a structural transition from 
distal blade (74) to core electrode section (72). 
0036. In some versions, either jaw (52.54) or both of jaws 
(52, 54) comprise teeth (not shown) adjacent to electrode 
surfaces (62. 64). Such teeth may further increase the ability 
of jaws (52, 54) to grip tissue. Such teeth may be configured 
(e.g., rounded) to readily grip tissue without necessarily tear 
ing tissue. Such teeth may also be formed of an electrically 
non-conductive, or insulative, material. Such as plastic, glass, 
and/or ceramic, for example, and may include a treatment 
Such as polytetrafluoroethylene, a lubricant, or some other 
treatment to Substantially prevent tissue from getting stuck to 
jaws (52, 54). As another merely illustrative variation, either 
jaw (52.54) or both of jaws (52.54) may include at least one 
port, passageway, conduit, and/or other feature that is oper 
able to draw steam, Smoke, and/or other gases/vapors/etc. 
from the Surgical site. Such a feature may be in communica 
tion with a source of Suction, Such as an external source or a 
source within handpiece (20), etc. Other suitable variations 
for jaws (52.54) will be apparent to those of ordinary skill in 
the art in view of the teachings herein. In addition, while core 
electrode section (72) has a generally circular cross-section in 
the present example, it should be understood that core elec 
trode section (72) may have any other suitable cross-sectional 
configuration, including but not limited to elliptical, etc. As 
yet another merely illustrative variation, core electrode sec 
tion (72) may simply be eliminated, such that elongate mem 
ber (70) is not energized with RF energy. 
0037. As shown in FIGS. 1 and 6, handpiece (20) includes 
a pistol grip (22), a trigger (24), an activation button (26), and 
a trigger mechanism (28). Trigger (24) is pivotable relative to 
pistol grip (22), and is operable to simultaneously drive actua 
tor rods (42) and elongate member (70) distally through one 
or more racks and pinions and other components in trigger 
mechanism (28). Activation button (26) is operable to selec 
tively couple electrodes (62, 64, 72) with electrical source 
(96) in order to activate electrodes (62. 64, 72), as will be 
described in greater detail below. For instance, activation 
button (26) may be configured such that current does not flow 
between electrodes (62, 64, 72) and electrical source (96) 
when activation button (26) is in a non-depressed state; while 
current does flow between electrodes (62. 64, 72) and elec 
trical source (96) when activation button (26) is depressed, 
such that activation button (26) provides a switch. Various 
other suitable components and features that may be provided 
in addition to or as an alternative to trigger (24) and activation 
button (26) will be apparent to those of ordinary skill in the art 
in view of the teachings herein. 
0038. In some versions, electrosurgical instrument (10) is 
configured such that elongate member (70) cannot be 
advanced distally until electrical current is being Supplied to 
electrodes (62, 64, 72). By way of example only, this may be 
accomplished by providing a lockout against movement of 
trigger (24), with Such a lockout requiring activation button 
(26) to be depressed in order for trigger (24) to move suffi 
ciently enough to advance elongate member (70) distally. 
Some versions of electrosurgical instrument (10) permit elec 
trical current to be supplied to electrodes (62, 64, 72) before 
elongate member (70) is advanced distally. In addition, elec 
troSurgical instrument (10) may configured such that elongate 
member (70) can be advanced distally while current is simul 
taneously being supplied to electrodes (62. 64, 72). It should 
also be understood that, in some versions, trigger mechanism 
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(28) may be constructed in accordance with at least Some of 
the teachings of U.S. patent application Ser. No. 12/576,776. 
0039 While trigger (24) of the present example provides 
simultaneous distal translation of elongate member (70) and 
actuator rods (42), it should be understood that elongate 
member (70) and actuator rods (42) may be actuated inde 
pendently in some other versions. It should also be under 
stood that elongate member (70) and/or actuator rods (42) 
may be resiliently biased to a proximal position, Such that 
when the user Squeezes trigger (24) toward grip (22), elongate 
member (70) and actuator rods (42) translate distally; yet 
when the user then releases trigger (24), elongate member 
(70) and actuator rods (42) translate distally. Similarly, jaws 
(52.54) may be resiliently biased to an open position. As yet 
another merely illustrative variation, and as noted elsewhere 
herein, actuator rods (42) may simply be eliminated in some 
versions. In some such versions, elongate member (70) is 
used to close jaws (52, 54). For instance, elongate member 
(70) may close jaws (52.54) as elongate member (70) moves 
along a first range of longitudinal motion; while elongate 
member (70) severs tissue with distal blade (74) (as described 
in greater detail below) as elongate member (70) moves along 
a second range of longitudinal motion. 
0040. In an exemplary use, and as best shown in FIGS. 4-5, 
a first layer of tissue (90) and a second layer of tissue (92) are 
captured between jaws (52, 54). In particular, actuator rods 
(42) are actuated by Squeezing trigger (24) toward pistol grip 
(22), to pivot first jaw (52) toward second jaw (54) to clamp 
down on tissue layers (90. 92). As noted above, in some 
versions where actuator rods (42) are eliminated, flanges (76. 
78) may act to pivot first jaw (52) toward second jaw (54) 
instead, when elongate member (70) is actuated by Squeezing 
trigger (24) toward pistol grip (22). In some settings, tissue 
layers (90.92) are part of the same natural lumen defining 
anatomical structure (e.g., blood Veseel, portion of gas 
trointestinal tract, portion of reproductive system, etc.) in a 
patient. For instance, first tissue layer (90) may comprise the 
top portion of a blood vessel while second tissue layer (92) 
comprises the bottom portion of the blood vessel, along the 
same region of length of the blood vessel (e.g., Such that the 
fluid path through the blood vessel before use of electrosur 
gical device (10) is in the left-right direction in the views 
shown in FIGS. 4-5). In other words, the lengths of jaws (52. 
54) may be oriented perpendicular to (or at least generally 
transverseto) the length of the blood vessel. With tissue layers 
(90.92) captured between jaws (52.54) and clamped by jaws 
(52.54), elongate member (70) is advanced distally by the 
user Squeezing trigger (24) toward pistol grip (22). 
0041 As elongate member (70) is advanced distally, distal 
blade (74) simultaneously severs tissue layers (90.92), result 
ing in separated first layer portions (90a, 90b) being apposed 
with respective separated second layer portions (92a,92b). In 
Some versions, this results in a blood vessel being cut in a 
direction that is generally transverse to the length of the blood 
vessel. It should be understood that the presence of flanges 
(76.78) immediately above and below jaws (52.54), respec 
tively, may help keep jaws (52, 54) in a closed and tightly 
clamping position. In particular, flanges (76, 78) may help 
maintain a significantly compressive force between jaws (52. 
54). In some versions, as noted above, flanges (76.78) alone 
are used as cams to close jaws (52, 54) together, such that 
actuating rods (42) are simply eliminated. As best seen in 
FIG. 5, once core electrode section (72) reaches severed layer 
portions (90a, 90b, 92a, 92b), core electrode section (72) 
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compresses first layer portions (90a, 90b) against partially 
cylindraceous recess (66) of first jaw (52); and second layer 
portions (92a, 92b) against partially cylindraceous recess 
(68) of second jaw (54). It should be understood that the 
presence and configuration of tapered member (80) may 
facilitate the separation and compression of severed layer 
portions (90a, 90b, 92a, 92b) to transition from the configu 
ration shown in FIG. 4 to the configuration shown in FIG. 5. 
0042. With severed layer portions (90a, 90b, 92a, 92b) 
being compressed between jaws (52, 54) and being further 
compressed between core electrode section (72) and partially 
cylindraceous recesses (66, 68), electrode surfaces (62, 64. 
72) are activated with bipolar RF energy by the user depress 
ing activation button (26). In particular, electrodes (62, 64. 
72) are selectively coupled with electrical source (96) (e.g., 
by the user depressing button (26), etc.) such that electrode 
surfaces (62. 64) of jaws (52.54) are activated with a common 
first polarity while electrode surface (72) of elongate member 
(70) is activated at a second polarity that is opposite to the first 
polarity. Thus, a bipolar RF current flows between electrode 
surface (72) of elongate member (70) and electrode surfaces 
(62. 64) of jaws (52.54), through the compressed regions of 
severed layer portions (90a, 90b, 92a, 92b). This bipolar RF 
energy ultimately thermally welds tissue layer portions (90a, 
92a) together and tissue layer portions (90b, 92b) together. In 
certain circumstances, the heat generated by activated elec 
trode surfaces (62, 64, 72) can denature the collagen within 
the tissue layer portions (90a, 90b, 92a, 92b) and, in co 
operation with clamping pressure provided by jaws (52.54), 
the denatured collagen can form a seal within the tissue layer 
portions (90a, 90b, 92a, 92b). Thus, the severed ends of the 
natural lumen defining anatomical structure are hemostati 
cally sealed shut, such that the severed ends will not leak 
bodily fluids. As noted elsewhere herein, electrode surfaces 
(62. 64, 72) may be activated with bipolar RF energy before 
elongate member (70) even begins to translate distally and 
thus before the tissue is even severed. 

0043. In some versions, end effector (50) includes one or 
more sensors (not shown) such sensors may be configured to 
sense a variety of parameters at end effector (50), including 
but not limited to temperature of adjacent tissue, electrical 
resistance or impedance of adjacent tissue, Voltage across 
adjacent tissue, forces exerted on jaws (52, 54) by adjacent 
tissue, etc. By way of example only, end effector (50) may 
include one or more positive temperature coefficient (PTC) 
thermistors (e.g., PTC polymer, etc.). Data from Such sensors 
may be communicated to controller (98). Controller (98) may 
process Such data in a variety of ways. By way of example 
only, controller (98) may modulate or otherwise change the 
RF energy being delivered to electrode surfaces (62, 64, 72), 
based at least in part on data acquired from one or more 
sensors at end effector (50). In addition or in the alternative, 
controller (98) may alert the user to one or more conditions 
via an audio and/or visual feedback device (e.g., speaker, 
lights, display Screen, etc.), based at least in part on data 
acquired from one or more sensors at end effector (50). It 
should also be understood that some kinds of sensors need not 
necessarily be in communication with controller (98), and 
may simply provide a purely localized effect at end effector 
(50). For instance, a PTC thermistor at end effector (50) may 
automatically reduce the energy delivery at electrode Surfaces 
(62. 64, 72) as the temperature of the tissue and/or end effec 
tor (50) increases, thereby reducing the likelihood of over 
heating. In some Such versions, a PTC thermistor element is 
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in series with the power supply and electrode surface (62, 64. 
72); and the PTC thermistor provides an increased impedance 
(reducing flow of current) in response to temperatures 
exceeding a threshold. Furthermore, it should be understood 
that electrode surfaces (62, 64, 72) may be used as sensors 
(e.g., to sense tissue impedance, etc.). Various kinds of sen 
sors that may be incorporated into electrosurgical device (10) 
will be apparent to those of ordinary skill in the art in view of 
the teachings herein. Similarly various things that can be done 
with data from sensors, by controller (98) or otherwise, will 
be apparent to those of ordinary skill in the art in view of the 
teachings herein. 
0044. It should also be understood that end effector (50) 
may include one or more tissue cooling features (not shown) 
that reduce the degree or extent of thermal spread caused by 
end effector (50) on adjacent tissue when electrode surfaces 
(62. 64, 72) are activated. Various suitable forms that such 
cooling features may take will be apparent to those of ordi 
nary skill in the art in view of the teachings herein. 
0045. As yet another merely illustrative variation, core 
electrode surface (72) may be eliminated such that elongate 
member (70) simply comprises blade (74) and flanges (76. 
78) at the distal end of an electrically passive translating rod, 
beam, or other type of elongate member. In some Such ver 
sions, RF energy is delivered to first electrode surface (62) at 
a first polarity and to second electrode surface (64) at a second 
(opposite) polarity, such that the RF current flows between 
electrode surfaces (62. 64) through severed layer portions 
(90a, 90b, 92a, 92b). Still other suitable features, compo 
nents, configurations, variations, and operabilities that may 
be incorporated into electrosurgical device (10) will be appar 
ent to those of ordinary skill in the art in view of the teachings 
herein. 
0046 While several of the teachings below are described 
as variations to electrosurgical device (10), it should be under 
stood that various teachings below may also be incorporated 
into various other types of devices. By way of example only, 
in addition to being readily incorporated into medical device 
(10), various teachings below may be readily incorporated 
into the devices taught in U.S. Pat. No. 7,416,101; U.S. Pat. 
No. 7,738,971; U.S. Pub. No. 2006/0079874; U.S. Pub. No. 
2007/01917 13: U.S. Pub. No. 2007/0282333; U.S. Pub. No. 
2008/0200940; U.S. Pub. No. 2009/0209990; U.S. Pub. No. 
2010/0069940; and/or U.S. Provisional Application Ser. No. 
61/410,603, among various other devices. Other suitable 
devices into which the following teachings may be incorpo 
rated will be apparent to those of ordinary skill in the art in 
view of the teachings herein. 

II. EXEMPLARY INCORPORATION OF MOTOR 
TO DRIVE MOVABLE COMPONENT OF 

ELECTROSURGICAL DEVICE 

0047. As noted above, elongate member (70) in electro 
Surgical device (10) is manually driven by Squeezing trigger 
(24) toward grip (26) to actuate manual trigger mechanism 
(28) through purely/exclusively mechanical force transfers. 
In some instances, it may be desirable to use a motor or some 
other device to drive elongate member (70). This may reduce 
the manual force required to squeeze trigger (24), which may 
significantly increase usability in instances such as those 
where the user has relatively weak gripping strength, electro 
Surgical device (10) is being used in a relatively long proce 
dure where Surgeon fatigue may become a factor, and/or 
when relatively tough or dense tissue is involved. Several 
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examples below discuss various ways in which the driving of 
a movable feature like elongate member (70) (and movable 
features like jaws (52, 54), etc.) is provided by a motor or 
other electrically activated device, rather than being provided 
solely by purely/exclusively manual mechanical actuation. In 
the below examples, the electroSurgical devices lack an 
equivalent to actuator rods (42). Instead, the equivalent to 
elongate member (70) cams against the equivalents to jaws 
(52.54) to closejaws (52.54), though it should be understood 
that some equivalent to actuator rods (42) may be used if 
desired; or jaws (52.54) may be closed in some other fashion. 
0048 FIG. 7 shows a schematic view of an exemplary 
electrosurgical device (100) that includes a motor (102). 
Motor (102) may comprise an AC motor or DC motor of any 
Suitable type, including but not limited to a stepper motor. 
Electrosurgical device (100) also includes jaws (152, 154) 
similar to jaws (52.54) above; and an elongate member (170) 
similar to elongate member (70) above. Upper jaw (152) 
pivots toward and away from lower jaw (154), about pivot 
(156). Elongate member (170) of this example further 
includes a sharp distal blade (174), an upper transverse flange 
(176), and a lower transverse flange (178). Flanges (176, 178) 
cam against the outer surfaces of jaws (152,154) to makejaws 
(152, 154) clamp down on tissue (175) as elongate member 
(170) is advanced distally; while distal blade (174) severs the 
clamped tissue (175) as elongate member (170) is advanced 
distally. Motor (102) is operable to drive elongate member 
(170) distally. Various suitable ways in which a motor (102) 
may be used to drive an elongate member (170) distally will 
be described in greater detail below, while still other suitable 
ways will be apparent to those of ordinary skill in the art in 
view of the teachings herein. In the present example, elongate 
member (170) is electrically passive and does not include a 
core electrode that is similar to core electrode (72) described 
above. Instead, jaws (152, 154) present bi-polar RF elec 
trodes with opposing polarities. In some other versions, how 
ever, elongate member (170) may have a core electrode with 
a polarity that is opposite to a polarity that is common among 
electrodes of jaws (152, 154). 
0049 Electrosurgical device (100) of the present example 
further includes a user input feature (120), an encoder (130), 
a control module (140), a power source (180), and a sensor 
(190). Control module (140) serves as an operational hub for 
various components of electroSurgical device, as will be 
described in greater detail below. In particular, control mod 
ule (140) is in communication with motor (102), user input 
feature (120), encoder (130), power source (180), and sensor 
(190). Control module (140) may include a variety of com 
ponents, including but not limited to one or more printed 
circuit boards, one or more memory devices, one or more 
microprocessors, etc. Other Suitable components that may be 
included in control module (140) will be apparent to those of 
ordinary skill in the art in view of the teachings herein. 
0050. User input feature (120) may comprise a button, a 
trigger (e.g., similar to trigger (24), above, etc.), and/or any 
other Suitable type of user input feature. In some versions, 
control module (140) is operable to activate motor (102) to 
fully advance elongate member (170) to clamp and sever 
tissue (175) and simultaneously activate electrodes in jaws 
(152, 154) as soon as the user actuates user input feature 
(120). In some other versions, control module (140) just 
activates motor (102) enough to advance elongate member 
(170) far enough just to close jaws (152, 154) to clamp tissue 
(175) when the user actuates user input feature (120). In some 
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such versions, control module (140) waits for the user to 
actuate user input feature (120) a second time before control 
module (140) activates motor (102) to continue advancing 
motor elongate member (170) to sever clamped tissue (175) 
and simultaneously activate electrodes in jaws (152, 154). In 
some other versions, control module (140) waits for data from 
sensor (190) and/or other variables in a control algorithm to 
indicate the appropriate time? circumstances to activate motor 
(102) to continue advancing motor elongate member (170) to 
sever clamped tissue (175) and simultaneously activate elec 
trodes in jaws (152, 154). While some exemplary control 
algorithms will be described in greater detail below, other 
Suitable variables and associated values/ranges that may be 
used to form control algorithms will be apparent to those of 
ordinary skill in the art in view of the teachings herein. 
0051 Encoder (130) of the present example comprises a 
conventional encoder assembly that is configured to track 
operation of motor (102). By way of example only, encoder 
(130) may include a wheel with slots, tabs, and/or other 
optically trackable features. Such a wheel may be fixedly 
mounted to a drive shaft of motor (102), such that the wheel 
rotates unitarily with the drive shaft of motor (102). Encoder 
(130) may further include an optical sensor that is fixedly 
positioned within electrosurgical device (100) and that is 
operable to monitor movement of the wheel. Thus, as shown 
in FIG. 7, encoder (130) may provide data to control module 
(140) indicating the rotational position of the drive shaft of 
motor (102), the rate of rotation of the drive shaft of motor 
(102), the number of rotations of the drive shaft of motor 
(102), etc. Such data may be interpreted and processed as 
being further representative of the longitudinal position of 
elongate member (170), the rotational position of jaw (152) 
relative to jaw (154), etc. By way of example only, in some 
versions data from encoder (130) (taken at the time when data 
from sensor (190) indicates that both jaws (152, 154) have 
contacted tissue) is interpreted by control module (140) to 
represent the thickness of tissue (175) between jaws (152, 
154). Examples of how such tissue thickness data may be 
used will be described in greater detail below. It should also 
be understood that control module (140) may alert the user of 
the device or prevent continued clamping of jaws (152, 154) 
when data from encoder (130) and/or other sources indicates 
that tissue (175) is toothick for electrosurgical device (100) to 
handle. Of course, as with various other components referred 
to herein, encoder (130) is merely optional. 
0052 Power source (180) of the present example com 
prises one or more batteries, capacitors, Supercapacitors, and/ 
or other types of power sources integral with electroSurgical 
device (100). For instance, to the extent that electrosurgical 
device (100) includes a handpiece or handheld housing/body, 
power source (180) may be located within such a handpiece 
or handheld housing/body. It should therefore be understood 
that all of the components of electrosurgical device (100) 
shown in FIG. 7 may be integrated into a single, self-con 
tained, handheld unit. In some other versions, power Source 
(180) comprises a conventional wall outlet and/or a piece of 
capital equipment, such that electroSurgical device (100) is 
externally tethered to power source (180). Similarly, it should 
be understood that control module (140) may be located 
within a handpiece or handheld housing/body of electrosur 
gical device (100); or be provided in a separate piece of 
capital equipment, tethered with electrosurgical device (100) 
via one or more cables, etc. In some Such versions, power 
source (180) and control module (140) may be integrated 
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together in a single piece of capital equipment that is tethered 
externally to electrosurgical device (100). 
0053 Sensor (190) may take numerous forms. For 
instance, while it is shown schematically in FIG. 7 as being a 
separate component, sensor (190) of the present example is 
simply formed by the same electrodes of jaws (152, 154) that 
are used to deliver bipolar RF energy to tissue (175). Sensor 
(190) in this example is used to measure the impedance of 
tissue (175) and communicate the same back to control mod 
ule (140). For instance, control module (140) may send a 
dedicated electrical pulse through the electrodes of jaws (152, 
154) to measure the impedance of the tissue. Of course, 
various other kinds of data may be communicated back to 
control module (140), from one or more sensors (190) at end 
effector (150) or otherwise. Other types of parameters that 
may be sensed by one or more sensors (190) at end effector 
(150) will be apparent to those of ordinary skill in the art in 
view of the teachings herein. 
0054 As shown in FIG.7, control module (140) processes 
a variety of inputs and outputs in electrosurgical device (100). 
In particular, and as noted above, control module (140) 
receives user input from user input feature (120), position 
data from encoder (130), and tissue impedance data from 
sensor (190). In addition, control module (140) receives data 
from motor (102) indicating the load on motor (102). The load 
on motor (102) may be sensed by monitoring the current 
consumed by motor (102), by monitoring the back electro 
motive force (EMF) communicated by motor (102), by moni 
toring changes in Voltage or capacitance associated with 
motor (102), and/or in any other suitable fashion. In some 
versions, the load on motor (102) is simply not monitored. In 
addition to receiving the above-noted inputs, control module 
(140) is operable to provide two key outputs. In particular, 
control module (140) is operable to provide power to motor 
(102) to activate motor (102), to thereby drive elongate mem 
ber (170) distally for closing jaws (152, 154) and cutting 
tissue (175); and to provide power to jaws (152, 154) to 
activate the electrodes of jaws (152, 154), to thereby weld and 
coagulate severed tissue using bipolar RF current. Control 
module (140) may include various types of control algorithms 
to vary Such outputs based on the inputs. For instance, tissue 
impedance data from sensor (190) may be used not only to 
influence the power provided to the electrodes of jaws (152, 
154), but also to influence the power provided to motor (102). 
Merely illustrative examples of motor (102) control based on 
tissue impedance will be described in greater detail below. 
Similarly, data representing the load on motor (102) may be 
used to influence the power provided to motor (102) and/or 
the RF power provided to the electrodes of jaws (152, 154). 
Still other various functions that may be performed by control 
module (140) will be apparent to those of ordinary skill in the 
art in view of the teachings herein. 
0055 FIG. 8 shows exemplary relationships between vari 
ous feedback and control signals during operation of electro 
surgical device (100), which may form part of a control algo 
rithm executed by control module (140). In particular, FIG. 8 
shows, from the top portion of the graph going down, current 
(I) at the electrodes of jaws (152, 154), Voltage (V) at the 
electrodes of jaws (152, 154), power (P) at the electrodes of 
jaws (152,154), impedance (Z) at the electrodes of jaws (152, 
154), the delivery of power (Pulses) to the electrodes of jaws 
(152, 154), and a control signal (LIMSW) to a limit switch. 
As can be seen in FIG. 8, the delivery of energy to the elec 
trodes of jaws (152, 154) is pulsed in the present example. As 
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will be described in greater detail below, when the impedance 
increases dramatically in any pulse, then the following pulse 
is shortened. 

0056. The initial portions of the curves in the graph of FIG. 
8 depict three pulses. During the initial stage of operation, 
jaws (152, 154) are clamped on tissue but a knife at the distal 
end of elongate member (170) is not yet in contact with the 
tissue. As the cycle approaches the third pulse, the Voltage (V) 
and impedance (Z) increase; while the power (P) and current 
(I) decrease. In the third pulse, the impedance (I) begins to 
increase rapidly, which results in shortening of the fourth 
pulse. The rapid increase in impedance (I) indicates that the 
tissue immediately in front of the knife has been treated and 
the knife should be advanced through such tissue. In some 
settings, this occurs at about the point when the tissue gives 
way to the pressure of a knife that is being linearly driven by 
elongate member (170). At Such a stage, the tissue immedi 
ately in front to the knife may have been treated but the more 
distal portion of the tissue may have not yet received an 
adequate amount of heat energy. So as the knife is advanced 
there may be significant variability in the duration of the 
pulses, such that the behavior of electroSurgical device may 
be unique each time electrosurgical device (100) is used. With 
the initiation of the shortened fourth pulse, the knife is 
advanced distally by elongate member (170) in a controlled 
predetermined manner by motor (102). When the knife has 
travelled the full cutting stroke, a limit switch is closed, as 
shown in the (LIMSW) curve of the graph of FIG.8. At this 
point, control module (140) delivers short termination pulses. 
When a sequence of four termination pulses in a row are 
received and an upper impedance (I) threshold has been 
crossed, control module (140) delivers a "done' alarm to the 
Surgeon, indicating that the cutting and sealing procedure is 
complete, and the knife is retracted proximally to its initial 
position. In some other versions, electrodes atjaws (152, 154) 
continue to be activated at this stage until a predetermined 
time (e.g., 15 seconds, etc.) has passed. In either case, control 
module (140) may automatically stop delivering power to 
electrodes at jaws (152, 154) when the “done' alarm is com 
municated to the Surgeon. 
0057. In some instances, it may be desirable to weld and/or 
seal tissue without necessarily cutting the tissue; or to at least 
clamp and heat the tissue to some degree before cutting the 
tissue. By way of example only, this may be desirable in some 
settings where the tissue is particularly thick or dense, where 
electrosurgical device (100) might otherwise have difficulty 
simultaneously clamping and cutting the tissue. To that end, 
another variation of electrosurgical device (100) provides 
closing of jaws (152, 154) and cutting with blade (174) in 
separate operational stages. For instance, electroSurgical 
device may provide independent movement of jaw (152) and 
elongate member (170). Such as by having a pair of actuator 
rods (e.g., similar to actuator rods (42)), an external closure 
sleeve or collar that slides along at least part of the end 
effector (150), etc. Such a jaw closure feature may be selec 
tively activated manually, by motor (102), by a separate 
motor, or otherwise. Alternatively, elongate member (170) 
may be movable within two stages—a first stage or range of 
motion where elongate member (170) merely closes jaws 
(152, 154) without yet cutting tissue within jaws (152, 154) 
and a second stage or range of motion where elongate mem 
ber (170) cuts tissue clamped withinjaws (152, 154). In either 
case, electrodes in jaws (152, 154) may be activated as jaws 
(152, 154) are closed on the tissue, without the tissue being 
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cut yet. As the activated electrodes heat the tissue, the tissue 
may eventually become relatively easier to cut, Such that 
elongate member (170) may then be used to cut the tissue 
after the tissue has been clamped and heated/sealed by jaws 
(152,154) for some period of time. An actuator for jaws (152, 
154) may even be reciprocated at any stage in this process, 
resulting in the jaws (152, 154) “chewing on the tissue to 
further soften it up and/or to make it more susceptible to 
heating/sealing and/or cutting. 
0058. It should also be understood that, in versions where 
motor (102) is used to closejaws (152,154), the load on motor 
(102) may be monitored by control module (140), which may 
slow motor (102) or otherwise change power delivery to 
motor (102) based on the load on motor (102). Control mod 
ule (140) may also regulate the power delivered to motor 
(102) based at least in part on parameters of the tissue itself 
(e.g., temperature, impedance, etc.), as sensed by sensor 
(190). In determining when to advance elongate member 
(170) through a range of motion to sever tissue, control mod 
ule (140) may monitor the load on motor (102) as jaws (152, 
154) are clamping on the tissue and/or monitor parameters of 
the tissue itself (e.g., temperature, impedance, etc.). Such as 
using sensor (190). 
0059. As another merely illustrative example of operation, 
a relatively thick piece of vascular tissue may be placed 
between jaws (152, 154). Motor (102) is activated to close 
jaws (152, 154) on the tissue until control module (140) 
detects a load (e.g., by power increase, Voltage change, 
capacitance change, etc.), representing the presence of tissue 
between jaws (152, 154). At that point, control module (140) 
sends an electrical pulse through the electrodes of jaws (152, 
154) to sense the impedance of the tissue between jaws (152, 
154). Control module (140) also receives data from encoder 
(130) or elsewhere to indicate how far jaws (152, 154) have 
closed. At this point, control module (140) “knows how 
thick the tissue is (based on degree of jaw (152, 154) closure) 
and what the impedance is of the tissue. With this knowledge, 
control module (140) adjusts the speed of motor (102), other 
operational parameters of motor (102), and/or the RF energy 
delivered to the electrodes of jaws (152, 154). 
0060 For instance, when relatively thick tissue is sensed 
and/or when the impedance of the tissue is relatively low, 
control module (140) may initially provide a relatively slow 
motor (102) speed and relatively high RF energy, or vice 
Versa, in order to get started working on the thick tissue. In 
Some instances, reducing the motor (102) speed in response to 
relatively thick tissue may ultimately lead to a better tissue 
seal and/or less mechanical trauma to the tissue. In addition or 
in the alternative, motor (102) may be repeatedly activated in 
forward and reverse in short bursts in response to relatively 
thick tissue and/or when the impedance of the tissue is rela 
tively low (e.g., liver tissue or lung tissue, etc.), resulting in 
the jaws (152, 154) “chewing on the tissue to further soften 
it up and/or to make it more Susceptible to heating/sealing 
and/or cutting. In either or both scenarios, as jaws (152, 154) 
continue to compress and heat/seal the tissue, control module 
(140) may continue to monitor parameters such as tissue 
impedance, load on motor (102), thickness of the tissue, etc., 
as part of a feedback loop. As the tissue impedance increases 
and/or the load decreases, control module (140) speeds up 
motor (102) to speed compression and control module (140) 
also reduces the RF delivered to the electrodes of jaws (152, 
154). A similar control algorithm may be followed when 
relatively thin tissue is involved, though it should be under 
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stood that control module (140) may speed up the whole 
process when it recognizes that the tissue is thin. It should 
also be understood that the above control algorithms could be 
based on other factors such as tissue density and/or other 
tissue properties, not necessarily being based on tissue thick 
ness and/or impedance, etc. It should also be understood that 
a control algorithm may comprise a function of just one 
variable or a function of a combination of variables. 
0061 Furthermore, in versions where the completion of a 
drive stroke of elongate member (170) and/or the activation of 
electrodes in jaws (152, 154) is contingent on certain circum 
stances per a control algorithm executed by control module 
(140), electrosurgical device (100) may further include a user 
feedback feature to provide an indication to the user repre 
senting the operational state of elongate member (170) and/or 
electrodes in jaws (152, 154). For instance, electrosurgical 
device (100) may include one or more lights, a beeping fea 
ture, and/or a graphical rendering to show the user when 
cutting with blade (174) is complete, when tissue has been 
sealed by electrodes in jaws (152, 154), and/or when some 
other operational stage has been reached. This may reduce the 
likelihood that the user pulls end effector (150) away from 
tissue at the Surgical site prematurely. 
0062. While the following examples include motors and 
Solenoids to drive a movable component of an electroSurgical 
device, it should be understood that various other types of 
components and devices may be used to drive a movable 
component of an electroSurgical device. Additional examples 
include, but are not limited to, pneumatic actuators, hydraulic 
actuators, electro-active polymers, ultrasonic motors, etc. It 
should be understood that these alternatives may be readily 
incorporated into the examples below, as a Substitute for or 
Supplement for a motor and/or Solenoid. 
0063. While the foregoing describes exemplary electro 
Surgical device (100) in general or conceptual terms, the 
following teachings provide additional details on merely 
illustrative examples of how several features of electrosurgi 
cal device (100) may be carried out in practice. Of course, it 
is contemplated that various teachings herein may be com 
bined in numerous ways, and it should be understood that 
none of the teachings herein are intended to represent the 
limits of the inventors contemplation. Various other 
examples of how several features of electrosurgical device 
(100) may be carried out in practice will be apparent to those 
of ordinary skill in the art in view of the teachings herein, and 
those examples are well within the inventors’ contemplation. 
0064 A. Exemplary Rack and Pinion Driver 
0065 FIG.9 depicts an exemplary electrosurgical device 
(300) comprising a handpiece (320), a shaft (340) extending 
distally from handpiece (320), and an elongate member (370) 
slidably disposed in shaft (340). Handpiece (320) includes a 
pistol grip (322) and a trigger (324). An end effector (not 
shown), similar to end effectors (50, 150) described else 
where herein, is disposed at the distal end of shaft (340), and 
includes a pair of jaws with integral electrodes. Elongate 
member (370) is similar to elongate member (170) described 
above. In particular, and as shown in FIG. 10, elongate mem 
ber (370) has a blade (374) and pair of flanges (376,378) at its 
distal end. Elongate member (370) is movable distally to 
close the jaws at the end effector and sever tissue clamped 
between the jaws. A motor (302) is located within handpiece 
(320). Motor (302) includes an integral drive pinion (304), 
such that motor (302) is operable to rotate drive pinion (304). 
The proximal portion of elongate member (370) includes a 
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rack (372) engaged with drive pinion (304). In particular, rack 
(372) includes a plurality of slots (373), with teeth (305) of 
drive pinion (304) being disposed in slots (373). Alterna 
tively, rack (372) may include teeth that mesh with teeth (305) 
of drive pinion (304). It should be understood that, as drive 
pinion (304) is rotated by motor (302), elongate member 
(370) translates longitudinally due to engagement between 
drive pinion (304) and rack (372). 
0066. As also shown in FIG. 9, electrosurgical device 
(300) includes a trigger movement sensor (310), a control 
module (340), and a power source (380). Trigger movement 
sensor (310) of the present example is in communication with 
trigger (324). Such that trigger movement sensor (310) senses 
movement of trigger (324) toward and away from grip (322). 
By way of example only, trigger movement sensor (310) may 
comprise a proximity sensor, an encoder, a hall effect sensor, 
a rheostat, etc. Other Suitable forms that trigger movement 
sensor (310) may take will be apparent to those of ordinary 
skill in the art in view of the teachings herein. Trigger move 
ment sensor (310) is also in communication with control 
module (340), which activates motor (302), activates elec 
trodes in the jaws of the end effector, initiates a control algo 
rithm, and/or otherwise reacts in response to movement of 
trigger (324) as sensed by and communicated from trigger 
movement sensor (310). Thus, trigger (324) and trigger 
movement sensor (310) may together function similar to user 
input feature (120) referenced above. Furthermore, control 
module (340) may account for different positions of trigger 
(324) relative to grip (322) to influence a control algorithm, 
beyond simply detecting whether trigger (324) is being 
Squeezed or not. For instance, when trigger (324) is only 
partially Squeezed, control module (340) may simply clamp 
the jaws at the end effector without cutting the clamped tissue 
until trigger (324) is fully squeezed. A detent feature or other 
feature may provide tactile feedback to the Surgeon via trigger 
(324) to indicate transitions between such stages of actuation. 
Other suitable ways in which control module (340) may 
account for partial actuations of trigger (324) will be apparent 
to those of ordinary skill in the art in view of the teachings 
herein. 

0067. It should be understood that, by incorporating trig 
ger movement sensor (310) and using motor (302), the grip of 
the Surgeon's hand no longer directly provides power to the 
jaws or blade at end effector. In other words, trigger (324) is 
taken out of the mechanical part of the drive train, and instead 
serves as a more easily actuated electromechanical compo 
nent. Electrosurgical device (300) may therefore be relatively 
easier to operate than electrosurgical device (10), due to the 
absence of a purely mechanical drive train like trigger mecha 
nism (28) of electrosurgical device (10). Of course, trigger 
(324) may take a variety of alternative forms, including but 
not limited to a button, slider, etc. 
0068. Other aspects of control module (340) and power 
source (380) may be provided in a manner similar to that 
described above with respect to control module (140) and 
power source (180). By way of example only, control module 
(340) may execute various control algorithms as described 
herein; and control module (340) and/or power source (380) 
may be integrated within handpiece (320) or may be external 
to handpiece (320). Similarly, other teachings herein relating 
to electrosurgical devices (10,100) may be readily incorpo 
rated into electrosurgical device (300); and vice versa. 
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0069 B. Exemplary Solenoid Driver 
0070 FIG. 11 depicts components that may be used in 
place of elongate member (370), motor (302), and pinion 
(304). In particular, FIG. 11 shows a solenoid assembly (402) 
that may be used to drive an elongate member (470). Elongate 
member (470) of this example includes a sharp blade (474) 
and flanges (476, 478), much like other elongate members 
(70, 170, 370) referred to herein. However, the proximal 
portion of elongate member (470) defines a core element 
(472) of solenoid assembly (402). It should therefore be 
understood that selective activation of solenoid assembly 
(402), by a control module or otherwise, may longitudinally 
translate elongate member (370). Of course, elongate mem 
ber (470) and solenoid assembly (402) may be readily incor 
porated into any electrosurgical device (10,100,300) referred 
to herein. 
(0071. C. Exemplary Lead Screw Driver 
0072 FIG. 12 depicts another exemplary electrosurgical 
device (500), comprising a handpiece (520), a shaft (540) 
extending distally from handpiece (520), and an elongate 
member (570) slidably disposed in shaft (540). Handpiece 
(520) includes a pistol grip (522), a trigger (524), and a button 
(526). An end effector (not shown), similar to end effectors 
(50, 150) described elsewhere herein, is disposed at the distal 
end of shaft (540), and includes a pair of jaws with integral 
electrodes. Elongate member (570) is similar to elongate 
member (170) described above. In particular, elongate mem 
ber (570) has a blade (not shown) and pair of flanges (not 
shown) at its distal end. Elongate member (570) is movable 
distally to close the jaws at the end effector and sever tissue 
clamped between the jaws. A motor (502) is located within 
handpiece (520), and includes an encoder (not shown) like 
encoder (130) described above. Motor (502) is shown as 
being coupled with a cable (580), which is further coupled 
with a combined control module and power source (not 
shown), though it should be understood that a control module 
and/or power source may be integrated within handpiece 
(520) if desired. A lead screw (504) extends distally from 
motor (502) and is rotatable by motor (502) to drive elongate 
member (570) as described in greater detail below. 
0073. A force transducer (550) or load cell is engaged with 
elongate member (570), positioned in-line with elongate 
member (570), and is configured to sensea force load encoun 
tered by elongate member (570) during operation of electro 
surgical device (500). Data from force transducer (550) may 
be communicated to the remote control module via cable 
(580) and/or be communicated to a control module within 
handpiece (520). It should be understood that data force trans 
ducer (550) may be used as part of a control algorithm, 
influencing delivery of power to motor (502) and/or influenc 
ing delivery of RF energy to electrodes at the end effector at 
the distal end of shaft (540). It should also be understood that 
a force load encountered by elongate member (570) may be 
detected in various other ways, including but not limited to 
monitoring loads on motor (502). 
0074. A nut (572) is also engaged with elongate member 
(570) and with lead screw (504). In particular, as motor (502) 
is activated to rotate leadscrew (504), lead screw (504) drives 
nut (572) longitudinally, which in turn drives elongate mem 
ber (570) longitudinally. However, there is some degree of 
lost motion provided by longitudinal clearance (574) between 
elongate member (570) and nut (572), such that elongate 
member (570) is longitudinally movable relative to nut (572) 
through a certain range of motion. Such lost motion may be 
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provided in various ways. For instance, nut (572) may be 
seated on elongate member (570) between a pair of flanges, 
with Such flanges being separated by a distance that is greater 
than the length of nut (572) along elongate member (570). As 
another merely illustrative example, nut may be seated on 
elongate member (570) in a cylindraceous recess, with such a 
recess having a length that is greater than the length of nut 
(572) along elongate member (570). Other suitable ways in 
which lost motion may be provided will be apparent to those 
of ordinary skill in the art in view of the teachings herein. 
0075 Providing lost motion between elongate member 
(570) and nut (572) may permit elongate member (570) to be 
translated manually along one range of motion and electro 
mechanically along another range of motion. In particular, the 
lost motion configuration of the present example allows the 
user to manually translate elongate member (570) distally 
enough to close the jaws of the end effector at the end of shaft 
(570) by squeezing trigger (524) toward grip (522). However, 
the lost motion configuration is further configured such that 
nut (572) arrests further manual distal movement of elongate 
member (570) after the jaws are closed, such that elongate 
member (570) cannot be driven any further to sever tissue 
clamped between the jaws. In order to sever tissue clamped 
between the jaws in the present example, the user must press 
button (526) while simultaneously squeezing trigger (524) 
toward grip (522). These combined inputs attrigger (524) and 
button (526) will activate motor (502) to rotate lead screw 
(504), thereby advancing elongate member (570) distally to 
sever the clamped tissue. Button (526) and trigger (524) may 
thus include sensors (528) operable to detect actuation of 
button (526) and trigger (524), such that the same may be 
communicated to a control module. 

0076. In some settings, a user may wish to just use elec 
troSurgical device (500) as a simple tissue grasper and/or to 
perform blunt dissection. To that end, the user may simply 
squeeze trigger (524) toward grip (522) to close the jaws at the 
end effector, without pressing button (526). While this will 
advance elongate member (570) far enough to close the jaws, 
it will not advance elongate member (570) far enough to cut 
tissue clamped between the jaws. Thus, in the absence of 
button (526) being pressed in this example, none of the elec 
trical or electromechanical components are actuated yet. 
0077 Similarly, a user may wish to simply clamp and seal 
or weld tissue without yet cutting the tissue. To that end, 
electrosurgical device (500) may be configured such that the 
user may first Squeeze trigger (524) toward grip (522) to 
manually clamp tissue with jaws at the end effector; then 
press button (526) to activate delivery of RF energy to the 
tissue through electrodes in the jaws at the end effector. At this 
stage, the motor (502) may remain inactive despite trigger 
(524) and button (526) being actuated simultaneously, such 
that elongate member (570) is not yet advance distally far 
enough to sever the tissue clamped between the jaws. In some 
versions, electrosurgical device (500) relies on feedback 
(e.g., force loads, tissue impedance, tissue thickness, etc.) in 
executing a control algorithm at this stage, to determine the 
appropriate time for cutting of tissue, and to automatically 
advance elongate member (570) to sever tissue at the appro 
priate time and at the appropriate speed/force. In some other 
versions, electrosurgical device (500) simply waits for the 
user to release button (526) and re-press button (526) while 
still squeezing trigger (524), and electrosurgical device (500) 
then activates motor (502) to advance elongate member (570) 
further to sever tissue. As yet another merely illustrative 
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variation, another button (not shown) may be provided for 
selectively activating motor (502) to advance elongate mem 
ber (570) to sever tissue after the tissue has been manually 
clamped using trigger (524). Such an additional button may 
be rendered inoperable unless and until button (526) is being 
depressed; and may just initiate a feedback-based control 
algorithm to advance elongate member (570) rather than nec 
essarily immediately advancing elongate member (570). In 
any of the above examples, elongate member (570) may be 
retracted by motor (502) when trigger (524) is released, when 
button (526) is released, and/or in response to various other 
conditions. 

III. EXEMPLARY INCORPORATION OF 
TACTILE FEEDBACKIN MOTOR DRIVEN 

ELECTROSURGICAL DEVICE 

0078. In some settings where a mechanical actuation of a 
user input feature is electromechanically converted to move 
ment of a movable component of the same device, it may be 
difficult for the user to tell how much force is being exerted by 
or encountered by the movable component. This may be 
particularly So when the movable component is electrome 
chanically moved with significantly greater force then the 
force exerted by the user on the user input feature. The issue 
may be further exacerbated in situations where a person may 
be historically used to operating manually actuated versions 
of the same device, such that the person intuitively expects a 
certain degree of mechanical resistance by the user input 
feature and/or some proportional relationship between the 
force exerted on the user input feature and the force exerted by 
the associated movable component. It may therefore be desir 
able in certain situations to provide some degree of tactile 
feedback to the user of an electromechanically actuated 
device, to represent forces exerted by and/or encountered by 
one or more electromechanically actuated components of the 
device in real time. Several examples of such tactile feedback 
will be provided in greater detail below, while still further 
examples will be apparent to those of ordinary skill in the art 
in view of the teachings herein. It should also be understood 
that, while the following examples are provided in the context 
of electroSurgical devices, at least Some of the following 
teachings may be readily applied to various other devices that 
include an electromechanically actuated movable member— 
not just electroSurgical devices. 
0079 
0080 FIG. 13 depicts an electrosurgical device (600) 
comprising a handpiece (620), a shaft (640) extending dis 
tally from handpiece (620), and an elongate member (670) 
slidably disposed in shaft (640). Handpiece (620) includes a 
pistol grip (622) and a trigger (624). An end effector (not 
shown), similar to end effectors (50, 150) described else 
where herein, is disposed at the distal end of shaft (640), and 
includes a pair of jaws with integral electrodes. Elongate 
member (670) is similar to elongate member (170) described 
above. In particular, elongate member (670) has a blade (not 
shown) and pair of flanges (not shown) at its distal end. 
Elongate member (670) is movable distally to close the jaws 
at the end effector and sever tissue clamped between the jaws. 
A motor (602) is located within handpiece (620). Motor (602) 
includes an integral drive pinion (604), such that motor (602) 
is operable to rotate drive pinion (604). The proximal portion 
ofelongate member (670) includes a rack (672) engaged with 
drive pinion (604). Thus, as drive pinion (604) is rotated by 

A. Exemplary Clutch Mechanism on Trigger 
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motor (602), elongate member (670) translates longitudinally 
due to engagement between drive pinion (604) and rack 
(672). 
I0081 Electrosurgical device (600) also includes a trigger 
movement sensor (610), a trigger clutch (612), a control 
module (640), and a power source (680). Trigger movement 
sensor (610) of the present example is in communication with 
trigger (624). Such that trigger movement sensor (610) senses 
movement of trigger (624) toward and away from grip (622). 
Trigger movement sensor (610) is thus similar to trigger 
movement sensor (310) described above. Similarly, control 
module (640) is in communication with trigger movement 
sensor (610) and motor (602) in a manner similar to the 
above-described relationship between control module (340), 
trigger movement sensor (310), and motor (302). 
I0082 Control module (640) is also incommunication with 
trigger clutch (612). In particular, control module (640) oper 
ates trigger clutch (612) in response to one or more conditions 
detected by control module (640). Trigger clutch (612) is 
operable to provide tactile feedback to the user through trig 
ger (624), based on control signals from control module 
(640). For instance, as the user Squeezes trigger (624) toward 
grip (622) and control module (640) senses that the jaws are 
encountering thick or dense tissue, control module (640) may 
activate trigger clutch (612) to arrest movement of trigger 
(624) or provide some other form of tactile feedback through 
trigger (624), to alert the user that elongate member (670) will 
not be translating distally until the tissue is sufficiently 
heated/sealed by the electrodes in the end effector, etc. As 
another merely illustrative example, trigger clutch (612) may 
provide resistance to movement of trigger (624), with Such 
resistance being a function of the resistance encountered by 
distally advancing elongate member (670). The user may thus 
be able to “feel the toughness or thickness of the tissue being 
clamped/cut, yet the resistance provided through trigger 
clutch (612) may still be less than the resistance that would 
otherwise be felt if electrosurgical device (600) had a fully 
manual trigger mechanism (28) like electroSurgical device 
(10) described above. In some versions, trigger clutch (612) 
comprises a linear Solenoid, a torsional Solenoid, or some 
other type of device. 
I0083 B. Exemplary Clamping Brake on Trigger 
I0084 FIG. 14 shows another electrosurgical device (700) 
comprising a handpiece (720), a shaft (740) extending dis 
tally from handpiece (720), and an elongate member (770) 
slidably disposed in shaft (740). Handpiece (720) includes a 
pistol grip (722) and a trigger (724). An end effector (not 
shown), similar to end effectors (50, 150) described else 
where herein, is disposed at the distal end of shaft (740), and 
includes a pair of jaws with integral electrodes. Elongate 
member (770) is similar to elongate member (170) described 
above. In particular, elongate member (770) has a blade (not 
shown) and pair of flanges (not shown) at its distal end. 
Elongate member (770) is movable distally to close the jaws 
at the end effector and sever tissue clamped between the jaws. 
A motor (702) is located within handpiece (720). Motor (702) 
is operable to selectively drive elongate member (770) longi 
tudinally, in any manner as described herein or otherwise. 
I0085 Electrosurgical device (700) also includes a sensor 
(704), a linear variable differential transformer (LVDT) 
(706), a servo (708), and a brake (710). Sensor (704) is posi 
tioned and configured to measure pressure, force, position, 
Velocity, acceleration, and/or other parameters associated 
with operation of elongate member (770). Of course, as 
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described elsewhere herein, at least some of Such parameters 
may be monitored by monitoring motor (702) instead. LVDT 
(706) is coupled with a projection (726), which protrudes 
rearwardly from trigger (724) and moves unitarily with trig 
ger (724). LVDT (706) is thus operable to sense movement 
(e.g., position, Velocity, acceleration) of trigger (724). Of 
course, any other Suitable type of device may be used to sense 
movement of trigger (724), including but not limited to Vari 
ous trigger movement sensing devices referred to herein. 
LVDT (706) is also coupled with motor (702), such that motor 
(702) is activated based on movement of trigger (724) as 
sensed by LVDT (706). While LVDT (706) is shown as being 
connected directly to motor (702), it should be understood 
that various components (e.g., a control module, etc.) may be 
communicatively positioned between LVDT (706) and motor 
(702). 
I0086 Brake (710) is also coupled with projection (726), 
and is operable to selectively clamp down on projection (726) 
with pads (not shown) in order to selectively provide fric 
tional resistance to movement of trigger (724). Brake (710) is 
communicatively coupled with servo (708), which is oper 
able to drive brake (710), and which is further communica 
tively coupled with sensor (704). Thus, servo (708) is oper 
able to drive brake (710) based at least in part on operational 
parameters of elongate member (770). Again, various other 
components (e.g., control module, etc.) may be communica 
tively positioned between any of these components (e.g., to 
store and execute a control algorithm, etc.). It should be 
understood that, through use of brake (710) and sensor (704), 
motion of trigger (724) may be variably opposed based at 
least in part on resistance encountered by advancing elongate 
member (770). The nature of brake (710) may permit such 
resistance to be provided on a sliding scale. Such as from 
between little resistance to full resistance, representing or 
otherwise corresponding with the varied resistance encoun 
tered by advancing elongate member (770). As with other 
tactile feedback features referred to herein, brake (710) may 
also provide Such tactile feedback in real time. In addition, as 
with other tactile feedback features referred to herein, the 
resistance provided through brake (710) may still be less than 
the resistance that would otherwise be felt if electrosurgical 
device (700) had a fully manual trigger mechanism (28) like 
electrosurgical device (10) described above. 
I0087 C. Exemplary ERF Actuator on Trigger 
0088 FIG. 15 shows additional exemplary components of 
a drive and feedback system (800) that may be used in any 
electrosurgical device (10, 100, 300, 500, 600, 700) referred 
to herein. In this example, drive and feedback system (800) 
includes a motor (802) that is used to drive an elongate mem 
ber (not shown) that is similar to elongate member (170). 
System (800) is responsive to movement of a trigger (824), 
which is similar to triggers (24, 324,524, 624,724) described 
elsewhere herein. System (800) is also powered by a power 
source (880) that is integral with the handpiece (820) of the 
electroSurgical device, though it should be understood that an 
external power source may be used. Power source (880) of 
this example includes one or more batteries and an RF circuit. 
0089. An encoder (810) is coupled with trigger (824) in 

this example and is operable to sense the position of trigger 
(824) and thus movement of trigger (824). Again, any other 
Suitable type of sensor may be used to sense the position/ 
movement of trigger (824). The signal from encoder (810) is 
communicated to a control module (840), which is in further 
communication with motor (802). Control module (840) thus 
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activates motor (802) based on the position/movement of 
trigger (824). As is also shown in FIG. 15, a signal commu 
nication path (842) is provided from between control module 
(840) and motor (802) to a filter (816), passing to a summer 
(818), and then to an electrorheological fluid (ERF) actuator 
(812). Filter (816) provides a relatively smooth, slowly-vary 
ing DC signal that represents that represents the position or 
number of revolutions of motor (802). Filter (816) differen 
tiates the position information to obtain a velocity of the 
change in position. In some versions, the Velocity is detected 
directly with a sensor and filter (816) is used to primarily to 
remove any noise. Summer (818) compares the signal from 
filter (816) with a desired/predetermined speed to obtain an 
error signal. ERF actuator (812) includes a piston (814), 
which is engaged with trigger (824). ERF actuator (812) is 
operable to selectively drive piston (814) against trigger (824) 
based on a signal communicated from Summer (818). In the 
present example, this signal represents or corresponds with 
forces encountered by the elongate member, which translates 
into mechanical resistance encountered by motor (802), 
which in turn is discernable through the signal along path 
(842). For instance, if the speed of motor (802) is above a 
desired/predetermined speed, then ERF actuator (812) may 
drive piston (814) against trigger (824) to provide a resistance 
force against trigger (824). ERF actuator (812) may thereby 
provide tactile feedback to the surgeon. 
0090. It should be understood from the foregoing that, 
through use of ERF actuator (812) and a signal along pathway 
(842), motion of trigger (824) may be variably opposed based 
at least in part on resistance encountered by advancing the 
elongate member. The nature of ERF actuator (812) may 
permit Such resistance to be provided on a sliding scale. Such 
as from between little resistance to full resistance, represent 
ing or otherwise corresponding with the varied resistance 
encountered by advancing the elongate member. As with 
other tactile feedback features referred to herein, ERF actua 
tor (812) may also provide such tactile feedback in real time. 
In addition, as with other tactile feedback features referred to 
herein, the resistance provided through ERF actuator (812) 
may still be less than the resistance that would otherwise be 
felt if the electroSurgical device had a fully manual trigger 
mechanism (28) like electrosurgical device (10) described 
above. 

IV. EXEMPLARY INCORPORATION OF VISUAL 
FEEDBACK IN ELECTROSURGICAL DEVICE 

0091. In addition to or as an alternative to providing tactile 
feedback to a user, it may be desirable in Some instances for 
an electroSurgical device to provide visual feedback to a user. 
By way of example only, particularly when jaws of an end 
effector heat up significantly during use, it may be desirable in 
Some instances to alert a user that the outer Surfaces of the 
jaws of the end effector of an electroSurgical device are con 
tacting tissue. This may be desirable to avoid inadvertent 
burning of tissue at a Surgical site. In other words, while it 
may be desirable in Some settings to burn tissue that is 
clamped between the jaws of the end effector, it may also be 
desirable to avoid burning tissue that is not clamped between 
the jaws of the end effector. To that end, FIGS. 16-17 show 
exemplary features that may be used to alert a user to avoid 
inadvertently burning tissue with an end effector. Specifi 
cally, FIG. 16 shows an end effector (950) disposed at the 
distal end of a shaft (940). End effector (950) includes an 
upper jaw (952) and a lower jaw (954), similar to other jaws 
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referred to herein. An elongate slot (966) can be seen in upper 
jaw (952), similar to slot (56) of jaw (52). In addition, an 
upper flange (976) of an elongate member can be seen. The 
elongate member in this example is similar to other elongate 
members referred to herein. 

0092. As shown in FIG. 17, shaft (940) extends distally 
from a handpiece (920), which includes a pistol grip (922) 
and a trigger (924) to actuate the elongate member and clamp 
down with jaws (952,954). Handpiece (920) also includes an 
integral control module (940), and may further include an 
integral power source (not shown). Ofcourse, control module 
(940) and/or a power source may be provided externally (e.g., 
in a piece of capital equipment), if desired. Referring back to 
FIG. 16, a photosensitive material (960) is applied to the 
exterior of jaws (952,954). To the extent that end effector 
(950) is used at an illuminated surgical site, photosensitive 
material (960) may be able to detect when the exterior of 
either jaw (952, 954) is placed against tissue, by detecting 
darkness. In other words, the tissue against the exterior of jaw 
(952, 954) may cut off the light that would otherwise be 
imposed on photosensitive material (960). Photosensitive 
material (960) may further be in communication with control 
module (940), which may be configured to provide a prede 
termined response when light levels detected by photosensi 
tive material (960) indicate that the exterior of jaw (952,954) 
is against tissue. In particular, control module (940) may 
activate a light (930) (e.g., a red light) in response to an 
indication from photosensitive material (960)that the exterior 
of jaw (952,954) is against tissue. 
0093. In some settings, the exterior of at least one jaw 
(952,954) may incidentally fall in a shadow during a surgical 
procedure. Such that the light imposed on photosensitive 
material (960) is reduced without the exterior of jaw (952, 
954) actually contacting tissue. To avoid such a situation 
creating a “false alarm.’ control module (940) may be tuned 
to only activate light (930) after the light level sensed by 
photosensitive material (960) falls below a certain threshold. 
An appropriate threshold for this purpose will be apparent to 
those of ordinary skill in the art in view of the teachings 
herein. 

0094. In addition, control module (940) may be config 
ured to only activate light (930) in response to an indication 
from photosensitive material (960) that the exterior of jaw 
(952,954) is against tissue when one or more other conditions 
are met. For instance, control module (940) may be config 
ured to provide Such a response only when the temperature of 
either jaw (952,954) is also beyond a certain threshold. Thus, 
jaws (952,954) may further include one or more temperature 
sensors. In addition or in the alternative, control module (940) 
may factor in tissue impedance as sensed by electrodes of 
jaws (952,954) to determine whether to activate light (930). 
It should be understood that requiring at least one additional 
input, beyond just input from photosensitive material (960), 
may avoid the chances of an unwarranted warning to the user 
when the exteriors of jaws (952,954) are not even hot enough 
to burn adjacent tissue. 
0095 Photosensitive material (960) of the present 
example is configured to generate a Voltage in the absence of 
light, and Such a Voltage is what may be communicated to 
control module (940). Alternatively, photosensitive material 
(960) may be configured to generate a Voltage in the presence 
oflight, and control module (940) may be configured to detect 
drops in Such Voltage. For instance, photosensitive material 
(960) may comprise a photovoltaic film. In addition or in the 
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alternative, photosensitive material (960) may comprise a 
photo resistor (e.g., a cadmium sulfate cell, etc.), a photo 
transistor, a photo diode, and/or some other type of compo 
nent. An exemplary photo resistor is the PDV-P9200 from 
Advanced Photonix, Inc., of Ann Arbor, Mich. An exemplary 
photo transistor is the SDP8406-003 by Honeywell Sensing 
and Control of Golden Valley, Minn. An exemplary photo 
diode is the SMD211-021 by Honeywell Sensing and Control 
of Golden Valley, Minn. As another merely illustrative 
example, a circuit including photosensitive material (960) 
may be configured to provide a relatively high Voltage in the 
absence of light and provide a relatively low voltage in the 
presence of light. Various Suitable materials that may be used 
for photosensitive material (960) will be apparent to those of 
ordinary skill in the art in view of the teachings herein. It 
should also be understood that photosensitive material (960) 
may be replaced or Supplemented with various components 
and devices that are responsive to light (and/or the absence of 
light), including but not limited to photoresistors, photovol 
taic cells, photodiodes, etc. 
(0096. While light (930) is used to provide visual feedback 
to the user, it should be understood that any other suitable 
form of visual feedback may be provided to the user. In 
addition or in the alternative, one or more forms of audio 
feedback may be provided to the user, Such as a beep or alarm, 
etc. An audio feedback device may be driven by control 
module (940) in a manner similar to that described above with 
respect to light (930). 
0097. It should be understood that the foregoing teachings 
relating to visual and audio feedback may be readily applied 
to electroSurgical devices where a movable member (Such as 
the various versions of elongate member referred to herein) is 
actuated purely manually/mechanically as well as those 
where the same kind of movable member is actuated electro 
mechanically. Thus, the foregoing teachings relating to visual 
and audio feedback may be readily applied to any of the 
electroSurgical devices referred to herein, as well as various 
other kinds of devices. 

V. EXEMPLARY INCORPORATION OF 
BATTERY PACK IN ELECTROSURGICAL 

DEVICE 

0098. As noted above, an electrosurgical device may 
include its own integral power source, in addition to or in lieu 
of receiving power from a conventional wall outlet or separate 
piece of capital equipment. FIGS. 18A-18E3 show a merely 
illustrative example of how a portable power source may be 
integrated with an electroSurgical device. Such as any of the 
electroSurgical devices referred to herein (among others). In 
particular, FIGS. 18A-18E3 show a handpiece (1020) of an 
electroSurgical device coupling with a portable battery pack 
(1080). Battery pack (1080) of this example includes one or 
more battery cells and a pair of contacts (1082). The battery 
cells of battery pack (1080) may be rechargeable and may 
comprise any Suitable type of battery, including but not lim 
ited to lithium ion batteries (e.g., CR 123A type batteries, 
lithium polymer (LiPo) type batteries, lithium iron phosphate 
(LiPO4) type batteries, prismatic cell type lithium ion batter 
ies, etc.), alkaline batteries, nickel cadmium batteries, etc. In 
some versions, the battery cells have a relatively low internal 
impedance, allowing delivery of relatively high currents from 
battery pack (1080) without making battery pack (1080) 
undesirably large and/or without battery pack (1080) getting 
undesirably hot during normal use. In the present example, 
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battery pack (1080) is configured to store at least 30,000 
joules of energy and has a capacity operable to Supply current 
at approximately 5.3 C. In some settings, such a battery pack 
(1080) may be operable to power approximately 100 tissue 
transections through an electroSurgical device as described 
herein, with each transaction delivering or drawing approxi 
mately 300 joules of energy. 
0099. In addition or in the alternative to battery cells of the 
type described above, battery pack (1080) may include one or 
more capacitors, one or more Supercapacitors, and/or various 
other kinds of power sources. Battery pack (1080) is config 
ured to provide power to electrical components of the elec 
trosurgical device through contacts (1082). Battery pack 
(1080) is also configured to mechanically couple with hand 
piece (1020), such as through one or more latches, resilient 
tabs, barbs, clips, clamps, etc. 
0100 Battery pack (1080) of the present example further 
includes an indicator (1084) that is operable to show the 
charge state of battery pack (1080). It should therefore be 
understood that battery pack (1080) may further include cir 
cuitry (not shown) that is operable to drive indicator (1084). 
Indicator (1084) of this example comprises three separate 
LED lights (1086) green to indicate full, yellow to indicate 
partially full, and red to indicate depleted. Of course, indica 
tor (1084) may alternatively take a variety of other forms. By 
way of example only, indicator (1084) may comprise an elec 
trochromic display or any other Suitable type of display. 
While indicator (1084) is part of battery pack (1080) in the 
present example, it should be understood that indicator 
(1084) may instead be part of handpiece (1020) and/or any 
other Suitable component. 
0101 Battery pack (1080) of the present example further 
includes an interrogation button (1088). Interrogation button 
(1088) is operable to selectively activate indicator (1084) to 
show the charge state of battery pack (1080). Thus, when 
interrogation button (1088) is not being pressed, indicator 
(1084) does not show the charge state of battery pack (1080). 
Interrogation button (1088) may thus conserve power of bat 
tery pack (1080). While interrogation button (1088) is part of 
battery pack (1080) in the present example, it should be 
understood that interrogation button (1088) may instead be 
part of handpiece (1020) and/or any other suitable compo 
nent. Ofcourse, as with indicator (1084), interrogation button 
(1088) may simply be omitted if desired. For instance, indi 
cator (184) may show the charge state of battery pack (1080) 
continuously. 
0102 Various other suitable ways in which a battery pack 
(1080) or other source of integral power may be incorporated 
into an electrosurgical device or other type of device will be 
apparent to those of ordinary skill in the art in view of the 
teachings herein. 

VI. CONCLUSION 

0103. It should be appreciated that any patent, publication, 
or other disclosure material, in whole or in part, that is said to 
be incorporated by reference herein is incorporated herein 
only to the extent that the incorporated material does not 
conflict with existing definitions, statements, or other disclo 
Sure material set forth in this disclosure. As such, and to the 
extent necessary, the disclosure as explicitly set forth herein 
Supersedes any conflicting material incorporated herein by 
reference. Any material, or portion thereof, that is said to be 
incorporated by reference herein, but which conflicts with 
existing definitions, statements, or other disclosure material 
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set forth herein will only be incorporated to the extent that no 
conflict arises between that incorporated material and the 
existing disclosure material. 
0104 Embodiments of the present invention have appli 
cation in conventional endoscopic and open Surgical instru 
mentation as well as application in robotic-assisted Surgery. 
0105 Embodiments of the devices disclosed herein can be 
designed to be disposed of after a single use, or they can be 
designed to be used multiple times. Embodiments may, in 
either or both cases, be reconditioned for reuse after at least 
one use. Reconditioning may include any combination of the 
steps of disassembly of the device, followed by cleaning or 
replacement of particular pieces, and Subsequent reassembly. 
In particular, embodiments of the device may be disas 
sembled, and any number of the particular pieces or parts of 
the device may be selectively replaced or removed in any 
combination. Upon cleaning and/or replacement of particular 
parts, embodiments of the device may be reassembled for 
Subsequent use either at a reconditioning facility, or by a 
Surgical team immediately prior to a Surgical procedure. 
Those skilled in the art will appreciate that reconditioning of 
a device may utilize a variety of techniques for disassembly, 
cleaning/replacement, and reassembly. Use of Such tech 
niques, and the resulting reconditioned device, are all within 
the scope of the present application. 
0106 By way of example only, embodiments described 
herein may be processed before Surgery. First, a new or used 
instrument may be obtained and if necessary cleaned. The 
instrument may then be sterilized. In one sterilization tech 
nique, the instrument is placed in a closed and sealed con 
tainer, such as a plastic or TYVEK bag. The container and 
instrument may then be placed in a field of radiation that can 
penetrate the container, Such as gamma radiation, X-rays, or 
high-energy electrons. The radiation may kill bacteria on the 
instrument and in the container. The sterilized instrument 
may then be stored in the sterile container. The sealed con 
tainer may keep the instrument sterile until it is opened in a 
medical facility. A device may also be sterilized using any 
other technique known in the art, including but not limited to 
beta or gamma radiation, ethylene oxide, or steam. 
0107 Having shown and described various embodiments 
of the present invention, further adaptations of the methods 
and systems described herein may be accomplished by appro 
priate modifications by one of ordinary skill in the art without 
departing from the scope of the present invention. Several of 
Such potential modifications have been mentioned, and others 
will be apparent to those skilled in the art. For instance, the 
examples, embodiments, geometrics, materials, dimensions, 
ratios, Steps, and the like discussed above are illustrative and 
are not required. Accordingly, the scope of the present inven 
tion should be considered interms of the following claims and 
is understood not to be limited to the details of structure and 
operation shown and described in the specification and draw 
1ngS. 

I/We claim: 
1. An electroSurgical device, comprising: 
(a) a handpiece; 
(b) a shaft extending distally from the handpiece, the shaft 

having a distal end; 
(c) an end effector at the distal end of the shaft, the end 

effector comprising: 
(i) a first jaw, wherein the first jaw includes a first elec 

trode, and 
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(ii) a second jaw, wherein the second jaw includes a 
second electrode, 

wherein the first jaw is movable toward the second jaw to 
clamp tissue between the first and second jaw, 

wherein the first and second electrodes are operable to 
deliver RF energy to tissue clamped between the first 
and second jaw; 

(d) a cutting member operable to cut tissue clamped 
between the first jaw and the second jaw; and 

(e) an electromechanical driver operable to drive the cut 
ting member to cut tissue clamped between the first jaw 
and the second jaw. 

2. The electrosurgical device of claim 1, wherein the cut 
ting member further includes ajaw closure feature operable to 
move the first jaw toward the second jaw. 

3. The electrosurgical device of claim 2, wherein the cut 
ting member further comprises an elongate member having a 
proximal portion and a distal portion, wherein the proximal 
portion is coupled with the electromechanical driver in the 
handpiece, wherein the distal portion includes a blade and the 
jaw closure feature, wherein the blade and the jaw closure 
feature are positioned at the end effector. 

4. The electrosurgical device of claim 3, wherein the first 
jaw and the second jaw each define a corresponding longitu 
dinal slot, wherein the blade is disposed in the slots, wherein 
the jaw closure feature includes a first flange and a second 
flange, wherein the first flange is configured to cam against 
the first jaw as the cutting member is translated relative to the 
shaft, thereby moving the first jaw toward the second jaw. 

5. The electrosurgical device of claim 1, further compris 
ing: 

(a) a control module; and 
(b) a user alert feature in communication with the control 

module; 
wherein either or both of the first jaw or the second jaw 

includes a respective photosensitive feature in commu 
nication with the control module, 

wherein the photosensitive feature is configured to sense 
contact between an exteriorportion of the corresponding 
one of the first jaw or the second jaw and tissue, 

wherein the control module is configured to activate the 
user alert feature in response to tissue contacting an 
exterior portion of the corresponding one of the first jaw 
or the second jaw as detected by the photosensitive fea 
ture. 

6. The electrosurgical device of claim 1, wherein the elec 
tromechanical driver is further operable to drive the jaw clo 
sure feature to move the first jaw toward the second jaw. 

7. The electrosurgical device of claim 1, wherein the elec 
tromechanical driver comprises a motor, a pinion coupled 
with the motor, and a rack associated with a proximal portion 
of the cutting member, wherein the rack is engaged with the 
pinion. 

8. The electrosurgical device of claim 1, wherein the elec 
tromechanical driver comprises a Solenoid, wherein a proxi 
mal region of the cutting member defines a core of the Sole 
noid. 

9. The electrosurgical device of claim 1, further comprising 
a control module in communication with the electromechani 
cal driver, 

wherein the control module is further in communication 
with the first and second electrodes, 
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wherein the control module is configured to monitor opera 
tional parameters of one or both of the first and second 
electrodes or the electromechanical driver, 

wherein the control module is further configured to adjust 
the delivery of RF energy through the electrodes based at 
least in part on operational parameters of one or both of 
the first and second electrodes or the electromechanical 
driver. 

10. The electrosurgical device of claim 9, wherein the 
control module is configured to monitor operational param 
eters of the electromechanical driver based at least in part on 
one or more of: 

(i) a signal from the electromechanical driver representing 
at least one of power, current, or Voltage, or 

(ii) a signal from an encoder associated with the electro 
mechanical driver. 

11. The electrosurgical device of claim 9, further compris 
ing a transducer associated with the cutting member, wherein 
the control module is in communication with the transducer, 
wherein the control module is configured to monitor opera 
tional parameters of the electromechanical driver based at 
least in part on data from the transducer. 

12. The electrosurgical device of claim 9, wherein the 
control module is further configured to adjust one or both of: 

(i) the delivery of RF energy through the electrodes, or 
(ii) activation of the electromechanical driver, 
based at least in part on tissue impedance sensed through 

the first and second electrodes. 
13. The electrosurgical device of claim 1, further compris 

ing a control module in communication with the electrome 
chanical driver, 

wherein the control module is further in communication 
with the first and second electrodes, 

wherein the control module is configured to monitor opera 
tional parameters of the first and second electrodes, 

wherein the control module is further configured to adjust 
operation of the electromechanical driver based at least 
in part on operational parameters of the first and second 
electrodes. 

14. The electrosurgical device of claim 1, further compris 
ing: 

(a) a trigger associated with the handpiece, wherein the 
trigger is operable to selectively activate the electrome 
chanical driver; and 

(b) a tactile feedback feature associated with the trigger, 
wherein the tactile feedback feature is configured to 
provide tactile feedback through the trigger based at 
least in part on a load encountered by the cutting mem 
ber. 

15. The electrosurgical device of claim 14, wherein the 
tactile feedback feature is selected from the group consisting 
of a clutch, a brake, and an electrorheological fluid actuator, 
the tactile feedback feature being configured to selectively 
resist or arrest motion of the trigger. 

16. The electrosurgical device of claim 14, further com 
prising: 

(a) a trigger operable to manually move the first jaw toward 
the second jaw; and 

(b) a button operable to activate the electromechanical 
driver. 

17. An electroSurgical device, comprising: 
(a) a handpiece; 
(b) a shaft extending distally from the handpiece, the shaft 

having a distal end; 
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(c) an end effector at the distal end of the shaft, the end 
effector comprising: 
(i) a first jaw, wherein the first jaw includes a first elec 

trode, and 
(ii) a second jaw, wherein the second jaw includes a 

second electrode, 
wherein the first jaw is movable toward the second jaw to 

clamp tissue between the first and second jaw, 
wherein the first and second electrodes are operable to 

deliver RF energy to tissue clamped between the first 
and second jaw; 

(d) a jaw closure feature operable to move the first jaw 
toward the second jaw; and 

(e) an electromechanical driver operable to drive the jaw 
closure feature to move the first jaw toward the second 
jaw. 

18. An electroSurgical device, comprising: 
(a) a handpiece; 
(b) a shaft extending distally from the handpiece, the shaft 

having a distal end; 
(c) an end effector at the distal end of the shaft, the end 

effector comprising: 
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(i) a first jaw, wherein the first jaw includes a first elec 
trode, and 

(ii) a second jaw, wherein the second jaw includes a 
second electrode, 

wherein the first jaw is movable toward the second jaw to 
clamp tissue between the first and second jaw, 

wherein the first and second electrodes are operable to 
deliver RF energy to tissue clamped between the first 
and second jaw; and 

(d) a power source integral with the handpiece, wherein the 
power source is operable to power the electrodes in the 
first and second jaw, to thereby provide the RF energy 
delivered to tissue clamped between the first and second 
jaw, without requiring power from an external power 
SOUC. 

19. The electrosurgical device of claim 18, wherein the 
power source comprises a battery pack removably latched to 
the handpiece. 

20. The electrosurgical device of claim 19, wherein the 
battery pack includes a battery charge indicator and an inter 
rogation feature operable to selectively activate the battery 
charge indicator. 


